Nano-opto-electronics for biomedicine is a developing interdisciplinary field. Related areas of this field are tried to be classified and outlined herein. Progresses in the different areas were reviewed based on the research development of the invited experts. Prospects of nano-opto-electronics for biomedicine are discussed.
Recently, Nano-technology for biomedical research has received extensive attention, and considerable progress has been made in this area. Nano-tech encompasses many advanced research areas, such as nano-characterization and nano-measurement based on opto-electric technology, nanomaterial with optically modulated parameters, nano-photonics and nano-optoelectronics, etc. These research areas have demonstrated important applications such as detection and manipulation of nano bio-structure, in vitro and in vivo characterization of bio-molecule for clinical diagnosis, imaging and detection of single cells and cell masses and tissues, bio-effect of functional nano-material for dietetic therapy, and nano-transportation system of medicine. In brief, nano-technology for bio-medical research has developed into an important and highly promising interdisciplinary area. The development of related technologies is summarized in Figure 1 .
As the Chief Editor of "Chinese Science Bulletin", Prof. Xia Jianbai has organized many symposia in this area. Some researchers in this field were invited to present their latest works, discuss future prospective developments and look for possible collaborations. According to these discussions and suggestions from Prof. Xia, we write this paper. We try to organize the development theme of related areas, and try to classify different areas of nano-photonics and nanooptoelectronics in bio-medical research based on progresses in Chinese and international researchers, especially the important achievements by invited experts in this edition, and try to discuss future developments.
Nano-scale characterization and measurement of biological objects based on atomic force microscopy (AFM)
With the development of opto-electric technology, the nanoscale characterization and measurement technology has been greatly promoted. Some of these methods could be successfully applied in the fields of biology and medicine. Here, as an example, the basic principle and main applications of AFM are briefly introduced.
The atomic force microscope, one type of scanning probe microscopes, has been invented as a variation of the scanning tunnel microscope with the development of several related technologies including optoelectronic technology, precision machining, weak signal detection and processing technique, etc. The basic idea of AFM is to use a sharp tip scanning over the surface of the sample while sensing the interaction between the tip and the sample [1] . The sharp tip is fixed at the end of a flexible cantilever. The cantilever senses forces acting between the tip and the sample surface causing its deflection. The signal is usually recorded by the optical system: the laser beam is focused at the cantilever end and then, after reflection, is detected by a position sensitive photodiode. The AFM system senses these changes in position and can map surface topography or monitor the interaction force between the tip and the sample.
One of the most common applications of AFM in biomedicine is to visualize morphology of biological objects ranging from single molecules such as DNA, RNA, proteins, single cells, to tissues and organs [2] . Combinations of AFM with other complementary techniques provide great opportunities for obtaining more comprehensive information from interesting samples, which further expands AFM applications in biomedicine. These techniques include fluorescent microscopy, confocal microscopy and Raman spectroscopy [1, 3] . The combination of AFM topography and fluorescence images provides a unique tool for correlating organelles and chemical components with cell morphology. Various fluorescent dyes used to selectively label the organelles and molecular complexes have been reported. A new star-shaped conjugated oligoelectrolyte used for direct imaging in living PANC-1 cells was reported in this issue [4] . The coupling of Raman spectroscopy to scanning probe microscopy has opened new perspectives on the subject of requiring both topography and chemical information with high spatial resolution. Tian's group [5] has reported important works on tip-enhanced Raman spectroscopy.
In addition to morphology imaging, AFM can also be used in force spectroscopy mode, which allows the detection and manipulation of single molecules, providing novel insight into their structure-function relationships. In the force spectroscopy mode, the cantilever approaches the sample at a given spatial position, contacts it, and when it reaches the maximum deflection value, it is withdrawn backward. The cantilever deflection (i.e. force signal) is recorded as a function of its vertical displacement (i.e. distance signal) as the tip approaches toward and retracts from the sample to obtain a force-distance curve. Moreover, spatial resolution can be achieved by generating a force-volume image through acquiring force-distance curves at multilocations. The record contains the information about inter-action force and physical properties of the sample. The applicability of AFM to studies of cancer transformation, based on the mechanical properties of living cells, was presented in the 2nd National Conference on Nanotechnology "NANO 2008" [6] . The cell's ability to deform and to adhere seems to describe the overall changes occurring in the cell structure and interaction forces introduced by cancer transformation. In this report, it was considered that the cell deformation (i.e. cell stiffness) could be usually quantified by the Young's modulus and the unbinding force determined the adhesive properties of a cell. Thus, the quantitative analysis of cell deformability and the expression of adhesion proteins between normal (reference) cells and pathologically changed cells (e.g. cancerous cells) have a significant impact on the quantitative description of characteristics for cancerous cells and further the cancer detection on a single cell level. Several important studies about mechanical properties measurement of cancerous cells via AFM have also been demonstrated in the paper. In vitro assay of cytoskeleton nanomechanics was used as a tool for screening potential anticancer effects of natural plant extract, tubeimoside I on human HepG2 cells by Deng's group [7] in this issue.
Since its invention, the ability of this microscope to achieve high resolution (subnanometer) imaging in liquids and to probe the mechanical properties of the sample at a nanometric scale makes this instrument increasingly useful for the study of biological specimens. AFM was employed as a powerful tool to explore morphology and ultrastructure of Hela cells treated with cinobufacini and curcumin by Cai's group in this issue [8] . The history and milestones of application of AFM in biological science are today well presented in books and even textbooks [9] . Meanwhile, wonderful reviews on the biomedical application of AFM were also published [1, 6, 10, 11] . Interested readers can refer to these references, which provide useful technical analyses and research information obtained in different categories, varied from determining high-resolution structure, probing mechanical properties and determining force interactions, to monitoring biological processes and dynamics.
Trapping and manipulation of biological objects based on optical tweezers technique
The developments of optical tweezers have driven much of the current single molecule research and have opened exciting avenues of research, especially in biology. It could be successful that trapping of viruses, bacteria and eukaryotic cells, as well as the manipulation of organelles within cells, introducing the "optical tweezers" into the field of biological micromanipulation.
Optical tweezers are photonic devices that exploit a tightly focused laser beam to manipulate the dielectric particles in three dimensions (3D) in a noninvasive manner. Different from conventional mechanical system, the optical tweezers can tweeze, manipulate and fabricate small "work pieces" such as biological cells, organelles and other micro-particles by light. It is a remote micro-process without any mechanical touch. The technique of optical tweezers and manipulation of small neutral particles by lasers is based on the forces of radiation pressure. These forces arise from the momentum of the light itself. The physical principles of optical trapping have been described in detail [12] . Briefly, the cell is pulled laterally into the center of the beam due to the transverse intensity gradient of the Gaussian laser beam. For a spot diameter on the order of the wavelength of light, the force due to the axial laser beam gradient pointing towards the beam waist is greater than the scattering force in the direction of the light. This pulls the cell vertically to a point just blow the laser beam waist, thereby completing the 3D trap. With the choice of appropriate laser wavelength and the power used in optical trapping experiments, there is no visible damage to the living cells.
It was first documented by Ashkin [13] in 1970 that optical forces, or radiation pressure, could be used to trap and accelerate dielectric polarizable micron-sized particles. For a good overview on the evolution of optical trapping, a review from Ashkin [14] is recommended. After that, experiment with optical tweezers, which are used for holding and manipulating a variety of nanometer-to micron-sized biological objects such as DNA, single molecules, membrane bilayers, intracellular structures, vesicles, and plant cells, were reported [15] .
One specific application of optical tweezers is optical force measurements, which may display the biological objects' mechanical properties such as elasticity, stiffness, rigidity, torque, and dynamic behavior. By measuring the displacement of a bead or cell from its equilibrium position in the trap, forces in the pN range can be measured. And this is adequate to investigate a large variety of phenomena in both molecular and cell biology. Exploring mechanochemical processes in the cell with optical tweezers has been reviewed early in 2006. The paper started by a short introduction of optical tweezers and its advantage for single molecule manipulations, followed by the physics for understanding optical trapping and the description of the optical tweezers setup. The experimental progress in molecule and cell biology achieved by optical tweezers was also illustrated [16] .
To date optical tweezers are used in considerable amount of single cell experiments. Tan et al. [17] studied human red blood cell mechanical properties in relation to osmotic conditions by using optical tweezers to stretch single cells. In this study, finite element simulation was also performed to develop cell mechanical model to compare simulation data and cell-stretch experiment data. This study indicated that osmotic stress has considerable effect on RBC's mechanical properties. In order to study the relations between cell me-chanics and diseases, single cell mechanics of myeloblasts from AML patients was investigated using optical tweezers and microbeads as handles to stretch a single cell [12] .
Apart from the use of itself, nowadays, optical tweezers is also combined with other analytical methods to form powerful tools in single molecule studies. Once the cell has been stabilized in the optical trap, various diagnostics can be performed with a higher signal-to noise ratio. This is the benefit of combined application of optical tweezers with other techniques. Among these techniques, optical imaging techniques, such as fluorescence, confocal and multiphoton microscopy [18, 19] , are used most commonly because optical trapping can preferably be performed with the same microscopy objective as is used for imaging of the sample. Besides optical microscopy, Raman spectroscopy could be used simultaneously with optical tweezers, which has been extensively studied, with some promising applications including tumor identification and cell surgery for organelle extraction. Raman spectroscopy is well suited for use with optical tweezers systems simultaneously because both techniques require a very tightly focused beam for optimal performance. For example, by combining Raman spectroscopy with traditional fluorescence imaging into the same optical trapping setup, it is possible to trap the cell while acquiring the Raman signature as well as fluorescence emission spectrum and simultaneously imaging the cell [20] . In this issue, the identification of different type of single cells in aqueous medium and discrimination the sources of same type cells from different donor using a novel technique which combined laser trapping and micro-Raman spectroscopy is reported by Ye's group [21] .
Further more, enhanced cell sorting and manipulation with combined optical tweezer and microfluidic chip technologies was demonstrated [22] . In the study, a unique cell sorting and manipulating device by combining microfluidic chip and optical tweezer was designed. The cells were focused to desired area by microfluidics flow, recognized by image processing, and precisely moved by optical tweezers. This device had three unique properties: high purity and high recovery time, multi-cell sorting can be achieved, and multiple features of cells can be tracked.
Although the task of characterizing molecular machines and organelles seems daunting, there has been exciting progress. In the near future, scientists may come to see each cell as an individual with its own set of molecular machinery. By using methods like optical tweezers for manipulating single molecules, biologists will be able to investigate the nature of molecular machines one by one, and infer from their behavior those properties common to the population [23] .
Compact nano-optoelectronic devices
Micro/nano electromechanical systems (MEMS/NEMS) refer to nanoscopic devices integrating electrical and mechanical functionality on the nanoscale. Combination of MEMS/NEMS technologies and optoelectronics is expected to have a major impact in healthcare, medicine and the life sciences through the creation of powerful tools for improved diagnosis and treatment of disease [24] . In biomedicine, there is a requirement for the development of medical devices for the detection of physical and chemical parameters in the human body. MEMS/NEMS offers great potential advantages over other types of conventional medical devices due to their small size scale, electrical nature, and ability to operate on short time scales [25] . The application of MEMS/NEMS based devices enable rapid, sensitive, and real time analysis of biological and chemical species, and is attracting increasing interest in the scientific community. Semiconductor nanomaterials, including nanotubes (NTs), nanowires (NWs) and graphene, are important transducer materials for MEMS/NEMS due to their remarkable physical and mechanical properties, such as high current-carrying capability and mechanical strength [26] .
Semiconductor NTs and NWs are direct-bandgap materials, which can be configured either as field-effect transistor (FETs), light emitters or light detectors. NTs/NWs have been demonstrated to be configured as field-effect transistors (FETs), which are suitable candidates for designated biosensors [27] . A NW/NT FET is a three-terminal switching device, including source, drain, and gate electrodes. The transistor conduction is controlled by an applied voltage at the gate insulator. The adsorption of charged biomolecules such as DNA, RNA, and proteins onto the NT/NW surface produces a change in the electrical field, resulting in the change in the current flow through the device [28] . Thus, FET based biosensors hold the promise of detecting single-molecule events. In this issue, an AlGaN/GaN heterojunction field-effect transistor (HFET) biosensor was designed for real time electrical detection of single-stand DNA (ssDNA) hybridization by Lu's group [29] .
In the last two decades, a diversity of FET based biosensors has been employed for biological applications, such as protein-protein interactions, DNA hybridization, and enzymatic glucose detection [28] . FET based biosensors exhibit several advantages over conventional macroscopic biosensors: label-free, real-time, high sensitivity and selectivity. However, it is extremely difficult to control the alignment and assembly for a FET base on a single NT or NW. An alternative strategy is the use of random network of NTs or NWs. Compared with a FET biosensor made from a single NT or NW, a random network FET is much easier to fabricate and is more robust because its characteristics are averaged over a large number of nanotubes. For example, Chen et al. [30] reported the detection of antibodies and proteins by NT random network, where the nonspecific binding on nanotubes is overcome by immobilization of polyethylene oxide chains.
Real time intracellular monitoring is important in many biomedical studies. However, planar FET-based devices are not feasible for in vivo monitoring. Lieber's group [31] reported a 3D nanoscale FET device with kinked NW structures which can enter single cells to record intracellular potentials, functioning as a patch-clamp micropipette. Subsequently, they reported a new approach in which a silica NT is synthetically integrated on top of a nanoscale FET [32] . This nanotube penetrates the cell membrane, bringing the cell cytosol into contact with the FET, which is then able to record the intracellular potential. These studies are expected to open up opportunities for intracellular monitoring and chemical sensing. Single-walled carbon nanotubes (SWNT) can also be utilized as optical biosensors due to their ability to excitation photoluminescence arising from the electronic band gap. The band-gap energy is sensitive to the local dielectric environment around the SWNT. DNA can bind to the surface of SWNTs through π-stacking, and directly modulate the transient energy shift of the SWNT fluorescence. The DNA wrapped nanotubes (DNA-SWNTs) have been used to monitor DNA hybridization, and biologically relevant analyses [33] . Furthermore, SWNT fluoresce within the tissue transparency window, providing new opportunities for optical sensors that operate in strongly absorbing media of relevance to medicine or biology.
MEMS/NEMS also offers significant advances in drug delivery because of their digital capabilities and short response times. Furthermore, incorporation of sensing components may allow for the creation of an intelligent MEMS/ NEMS drug delivery device. A variety of drug delivery devices based upon MEMS/NEMS technology, including devices based on microporous, silicon, microneedles, micropumps, and microreservoirs have been proposed [34] . A typical example is silicon-based drug delivery device consisting of an array of microreservoirs. The microreservoir in the device is covered with a gold membrane, containing a dosage of drug. Application of a potential to a gold membrane results in electrochemical dissolution of the membrane, allowing the drug within the reservoir to dissolve and diffuse into the surrounding medium. Each microreservoir can be individually filled, enabling the pulsatile release of multiple substances [35] .
Optical fiber probe sensor is also an important nanooptoelectronic device. In this issue, Zhu's group [36] has fabricated a selectable infiltrating large hollow core photonic band-gap fiber, which has potential application for implementing novel lasers, sensors and tunable optoelectronic devices. Guo's group [37] developed a high-sensitive and temperature-self-calibrated tilted fiber grating sensing probe, by using which, human acute leukemia cells with different intracellular densities could be clearly discriminated through their refraction index (RI) measurement, to study the relationship between the intracellular density of cells and their RI.
Surface plasmon resonance
Over the past decades, metal nanoparticles have attracted significant attention due to their unique localized surface plasmon resonance (LSPR) properties, which originate from the collective oscillation of conduction electrons in response to optical excitation. The resonance creates enhanced light scattering and absorption and large local field enhancement, strongly depending on the shape, composition, and arrangement of the particles, and the properties of local environment. By changing these factors, one can control the design of desired nanomaterials for applications in biological sensing [38, 39] , medical imaging and diagnostic [40, 41] , and photothermal therapy [42] .
The fact that LSPR is sensitive to the local environment of the nanoparticle surface has been exploited for a range of biological sensing strategies. For example, a receptor-functionalized gold nanoparticle will respond to the bonding of the target molecules through a shift in the resonance frequency. This change signals the presence of target molecules in the optical spectrum of the nanoparticle. To ensure high analyte sensitivity, distinct changes in the LSPR peak position in response to relatively small changes in the medium refractive index are desire. Many theoretical and experimental studies have been carried out on metal nanoparticles with different geometry to find the best nanoparticle configuration to enhance the sensitivity of the LSPR response [43] [44] [45] . Application of nanomaterials to SPR-based bio-detection and sensitivity improvement of LSPR has also been described in the article in this issue [46] . The enhanced scattering cross sections of metal nanoparticles have been utilized for optical imaging and labeling of biological systems using techniques such as dark-field microscopy, optical coherence tomography and laser reflectance confocal microscopy [47] [48] [49] . Compared with fluorescent labels, metal nanoparticles have advantages as the particle scattering cross section is three to five orders of magnitude greater than the fluorescence cross section of a single molecule [50] . This principle was for the first time employed by El-Sayed's group [51] for their new method of simple and reliable diagnosis of cancer with the use of gold nanoparticles.
The strong light absorption followed by rapid photothermal conversion of metal nanoparticles has been used for selective damage to target cancer cells. When irradiated with a laser of frequency overlapping with the LSPR absorption maximum of the particles, the photothermal heating of the medium surrounding the nanoparticle can be achieved. In addition, metal nanoparticles can keep their optical properties in cells for a long time under certain conditions. Successive irradiation with several laser pulses allows control of cell inactivation by a nontraumatic means [52] .
The plasmon field enhanced Raman and fluorescence signals of molecules in the vicinity of metal nanoparticles have been recently utilized for the molecular diagnosis of cancer [53] . For example, gold nanoparticles conjugated with anti-EGFR antibodies assembled onto the surface of cancer cells due to specific binding, resulting in the observation of highly enhanced, sharp, and polarized SERS of the nanoparticle capping and bridging molecules, anti-EGFR, and EGFR receptors or other molecules on the cell surface [54] .
Light-emitting or luminescent nanomaterials, nanomaterials with optical conversion properties and their biomedical applications
For a long time, extensive research has been focused on the development of various methods to precisely control the synthesis of light-emitting or luminescent nanomaterials, and nanomaterials with optical conversion properties. Many different kinds of nanostructures were designed and synthesized, including quasi-zero dimensional nanodots, quasi-one dimensional nanowires, nanosheets and other complicated nanostructures, which are considered to be promising building blocks for electrical, optical and optoelectronic applications. And the development of these nanostructures promotes the construction of new opto-electronic nanodevices, functional nanosystems, and eventually, the development of the related instruments and technologies as mentioned in the above sections of this paper. The recent advances in research on these different kinds of nanostructures, focusing on their synthesis, surface functionalization, properties, and applications were reviewed in a few publications during the past few years. For example, nanostructured ZnO and gold nanorods, see also in the reviews of Xu's group [55] and Zhao's group [56] in this issue. We just try to outline the typical related nanostructures and their biomedical applications herein.
During the last two decades, a great deal of attention has been focused on the optoelectronic properties of nanostructured semiconductors. If the extent of the material is on the order of one to ten nanometers in all three directions, the material is said to be a quantum dots (QDs). Semiconductor QD nanocrystals, which are usually be categorized according to the columns in the periodic table, for example III-V materials (GaN, InP, etc.), II-VI materials (ZnO, CdS, CdTe, etc.) and IV-VI materials (PbS, PbTe, etc.) [57] , are perhaps one of the most ubiquitous optical nanoprobes due to their excellent photostability, large luminescence quantum yield as well as their size-tunable absorption and emission wavelengths [58] . In the past years, tremendous research efforts have been devoted to producing high quality QDs by optimizing synthetic procedures, functionalizing the QD surface to enhance biocompatibility, and coupling the QDs to agents with complementary functions (e.g. targeting molecules of therapeutic agents [59, 60] . The development of a wide range of methods for bio-conjugating QDs in diverse areas of application: cell labeling [61] , cell tracking [62] , in vivo imaging [63] , DNA detection [64] , and multiplexed beads [65] have been seen. In this issue, the effect of protein molecules on the photoluminescence properties and stability of the water soluble CdSe/ZnS QDs coated with amphiphilic PAA is reported by Kong's group [66] . A simple, sensitive and rapid acetylcholine esterase (AChE) measuring strategy based on the CdTe QDs have been constructed by Tang's group [67] . And Li's group [68] developed a novel method to fabricate derivatized Tween-coated silica beads for protein detection. Under the optimized experimental conditions, the detection limit of rabbit IgG using sandwich immune assay is as low as 50 pg/mL, which is sufficiently low for the current methods.
Even though optical techniques continue to evolve, the fact is that electrical detection remains extremely desirable. Electrical systems can be miniaturized and integrated into synstems, offering many advantages over optical detection schemes. Pseudo-1 dimensional nanostructures, such as semiconductor nanowires and carbon nanotubes offer the greatest chance yet for creating robust, sensitive, and selective electrical detectors of biological binding events, which is discussed in the section above.
Highly fluorescent carbon nanomaterials called carbon dots (CD) have drawn increasing attention owing to their attractive applications in optoelectronic devices and biomedical imaging. Compared with conventional organic dyes and semiconductor QDs, photoluminescent CDs are superior in terms of chemical inertness, large two-photon excitation cross-sections, absence of blinking, low cytotoxicity, and excellent biocompatibility. During the past few years, much progress has been achieved in the synthesis, property and applications of CDs, as recently reviewed [69, 70] . For example, a novel CD synthetic process with high optical quantum yield (47%) with fast turnaround (main reactions finish in 1 min) was demonstrated, which made a breakthrough in CD fabrication [71] . A graphene oxide fluorescence switch strategy was designed to monitor the RNA transcription levels sensitively by Xing's group [72] in this issue. Due to its large surface area, superior mechanical flexibility, high carrier transport mobility and good thermal/chemical stability [73] , graphene are suitable for using as optoelectronic devices [74] . Especially, the high mobility of graphene renders it a promising electrode and electronacception material for photovoltaic device applications [75] .
Another class of potentially non-toxic and biocompatible fluorescent nanoparticles is those of silicon (silicon dots-SD). Since they display photoluminescent properties reminiscent of those of QDs [76, 77] , CD and SD have already demonstrated their viability in a variety of applications including bioimaging, peroxidase mimetics, photodynamic therapy, etc. Moreover, a breakthrough in gene therapy research was also made by designing and synthesizing a fluorescent cationic poly fluorine (CCP), achieving 92% delivery and transfection efficiency for pDNA (plasmid DNA) encoding GFP (green fluorescent protein), outperforming commercial transfection agents. This CCP also facilitates tracking due to its excellent fluorescent and optical stability property [78] .
Another important nanostructured material in opto-electronics for bio-medicine is metallic nanostructures. The electronic and optical properties of metals depend greatly on their size, in particular in the nanometre range. One important property of metal nanoparticles is surface plasmon resonance (SPR), which is described in other section. Besides metal nanoparticles of larger size, fluorescent metallic nanoclusters (NCs) consist of several to a hundred atoms, focusing on Au and Ag NCs, has also been developed for biomedical applications. A distinct feature of NCs is its strong photoluminescence, combined with good photostability, large Stokes shift and high emission rates. Moreover, the advances in synthesis of water-soluble fluorescent NCs with different ligands and tunable emission colors in various biocompatible scaffolds, render them an ideal fluorophores for applications as biological labels or optoelectronic emitters [79] . Cell imaging is no doubt one application of fluorescent Au and Ag nanostructures. In this issue, Han's group [80] reported a multiple labeling method for cells, by introduing Au nanooctahedra and Au nanorods as biomarkers for ICAM-1 and Integrin B1, different molecules on cell surface. And fluorescence imaging using Au and Ag nanostructures conjugated with different molecules has been reported elsewhere. Various biopolymers (proteins and DNA) can also been detected using Au and Ag NCs [81] . For example, polyclonal, goat-derived anti-human IgG antibody-modified PAMAM-Au NCs have been used for the detection of the human IgG antigen [82] . Some reviews on the preparation and applications of fluorescent gold and silver NCs have also appeared [79, 83] . And the recent progress of gold nanorods in bioimaging, drug delivery, diagnostics and photothermal therapy for disease treatment was also described by Zhao's group in this issue [56] .
The luminescence of all the fluorescent nanostructures mentioned above relies on energy down-conversion, thus have to be excited either by UV, potentially harmful and carcinogenic, or blue-green visible radiation [84] . Lanthanide-doped up-converting nanocrystals may be a promising alternative because lanthanide ions have the ability to efficiently up-convert near-infrared radiation into shorter wavelengths [85] . Recently, rare-earth-doped nanoparticles demonstrated their great potential in many fields of biological science including cell and tissue labeling for bioimaging, biodetection, therapy or multiplexed analysis [86] [87] [88] .
Future of nano-opto-electronics for biomedicine
Based on the detailed introductions of these related fields, the future of nano-opto-electronics for biomedicine can be clearly prospected, which is addressed as follows:
(1) Bio-effects of nano-optical materials, including their effects on bio-object (specific cells and tissues), and their application in biological processes.
(2) Assembly and formation of structures by bio molecules on nano-particles, modulation of optical characteristics of nano-particles and its application to bio-molecules detection.
(3) On-line higher resolution and faster speed imaging of cells (molecules) by using optical, opto-acoustic and X-raybased techniques.
(4) Detection and manipulation of molecules and cells by SPM, optical tweezers and related technologies. Furthermore, it is urgently needed to reveal and understand biological structures and characterize their developing process on nanometer scale from various angles.
(5) Plasmonics becomes a more and more important research area, involving not only nano-materials and structure, but also opto-electric devices and systems. As a consequence, bio-detection methods based on new principles would be developed, such as nano-lasers and its application to bio-medicine. Relevant theoretical models should be built up.
(6) MEMS application has been widely adopted, particularly in biological and medical detection devices and systems. Among these applications, opto-electric detections employing polymer and organic opto-electric materials are especially important, such as MOMES (micro-optical mechanic electronic system). The biocompatibility in the process needs more attention. NEMS (nano electrical and mechanic system) are also becoming attractive research areas.
(7) Nanomaterials with optical conversion properties, such as opto-thermal conversion materials, have been successfully implemented in in vivo transport of medicine, physical therapy of cancer. Further studies on their biological safety and relevant medical technology need to be carried out before clinical practice.
(8) Bio-medical applications based on novel opto and opto-electric devices. 
